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Abstract 
 Phonation and swallowing involve similar group of laryngeal and neck muscles. This 
study investigated the muscle activities of the suprahyoid (digastric, mylohyoid, geniohyoid 
and stylohyoid) and infrahyoid (thyrohyoid) muscles during phonation and swallowing using 
surface electromyography (sEMG). Fifteen non-dysphonic and six dysphonic subjects with 
unilateral vocal fold paralysis participated in this study. The phonatory tasks involved 
comfortable, low and high pitch productions while the swallowing tasks included dry swallow, 
and swallowing 5ml and 10ml of water. The results showed that the muscle activities during 
the phonatory tasks were significantly smaller than those of the swallowing tasks in both 
subject groups. However, no significant differences were found in the muscle activities 
between the non-dysphonic and dysphonic subjects in the phonatory and swallowing tasks. 
The findings indicate that swallowing requires higher muscle activities which is hypothesized 
to be attributed to the extra effort in laryngeal elevation that is required to protect the airway 
during swallowing.  
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Introduction 
Laryngeal elevation is involved in both phonation and swallowing (Ferrand, 1997; 
Schere, 2005; Tucker, 1993). Suprahyoid and infrahyoid are the extrinsic muscles responsible 
for the larynx movements. There is relatively little quantitative data on how these muscles 
behave during phonation and swallowing. Patients with unilateral vocal fold paralysis often 
have phonation and swallowing problems (Colton & Casper, 1996; Havas, Lowinger, & 
Priestley, 1999; Ollivere, Duce, Rowlands, Harrison, & O'Reilly, 2006; Tucker & Lavertu, 
1992) due to the immobility of vocal fold. Incompetence at the glottal level (the paralyzed 
vocal fold) and reduced laryngeal elevation have been considered as the two major 
contributing factors for the voice and swallowing problems associated with unilateral vocal 
fold paralysis (Nayak, Bhattacharyya, Kotz, & Shapiro, 2002; Ollivere et al., 2006; Schere, 
2005).  
In this study, surface electromyographic activities in the suprahyoid and infrahyoid 
muscles of non-dysphonic subjects and dysphonic subjects with unilateral vocal fold paralysis 
were measured during phonation and swallowing. It was hypothesized that the muscle 
activities measured in laryngeal elevation would be different between phonation and 
swallowing. It was further hypothesized that the muscle activities in phonation and 
swallowing tasks between non-dysphonic and dysphonic subjects with unilateral vocal fold 
paralysis would be different. A brief review of the anatomical and physiological similarities 
between phonation and swallowing will first be given in the next section.  
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Anatomy and Physiology of Phonation and Swallowing 
Human larynx is not merely a phonatory organ, it also serves as a protective organ for 
the airway during swallowing (Tucker, 1993). The vibration of vocal folds produces voice 
while the adduction of vocal folds prevents food entering the airway during swallowing 
(Schere, 2005). 
In phonation, suprahyoid (digastric, mylohyoid, genihyoid and stylohyoid) and 
infrahyoid (thyrohyoid, sternohyoid, omohyoid, and sternothyroid) muscle groups (Figure 1)  
 
Figure 1.  Anatomy of suprahyoid and infrahyoid muscles (anteriror view) 
 
 
Figure 2. Anatomy of cricothyroid and thyroarytenoid muscles (superior view) 
Mylohyoid 
Stylohyoid 
Thyroid cartilage 
Sterothyroid 
Digastric 
Hyoid bone 
Thyrohyoid 
Omohyoid 
Suprahyoid 
Muscles 
Infrahyoid 
Muscles 
Lower Jaw 
Clavicle 
Sternum 
Thyroarytenoid  
Cricothyroid 
Arytenoid 
cartilages 
Cricoid 
cartilage 
Thyroid 
cartilage 
  
5 
are involved in pitch variation. Pitch variation can be brought about by both intrinsic and 
extrinsic laryngeal muscle adjustments. The intrinsic muscles of the larynx – cricothyroid and 
thyroarytenoid (Figure 2) – are responsible for adjusting the length, mass distribution and 
tension in the vocal folds for pitch variation (Ferrand, 1997). When high pitch voice is 
produced, the intrinsic cricothyroid muscle contracts and becomes shortened. This rocks the 
thyroid anteriorly and downwards, thus increases the distance between the thyroid and 
arytenoid cartilages (Figure 3). This subsequently increases the length and tension of the 
vocal folds and reduces the mass per unit length of vocal folds. The contraction of the 
thyroarytenoid leads to shortening of the vocal folds and hence the production of low pitch 
voice (Seikel, King, & Drumright, 2000). Extrinsically, the anterior elevation of the hyoid 
bone by the suprahyoid muscles group tilts the thyroid cartilage forward, moving the inferior 
side of thyroid cartilage closer to the cricoid cartilage. The hyoid bone adjustment functions 
similarly to the cricothyroid muscle in raising the pitch level (Schere, 2005).For low pitch 
production, the infrahyoid muscles group contract and the hyoid bone is lowered. This moves 
the cricoid cartilage downward, which shortens the vocal fold and subsequently results in 
lower pitch. 
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Figure 3. Lateral view of larynx - the downward and forward movement of thyroid 
cartilage causes lengthening of vocal folds  
In swallowing, the process is often described as consisting of three phases: oral, 
pharyngeal and esophageal (Logemann, 1998). The oral phase is under voluntary control 
while the pharyngeal and esophageal phases are involuntary. In the oral phase, food bolus is 
formed by mixing food with saliva during mastication. The pharyngeal phase, which is 
triggered when the food or liquid bolus reaches the anterior faucial arches, involves a series of 
simultaneous actions (Murry & Carrau, 2006). This phase first begins with the laryngeal and 
hyoid elevation that facilitate airway closure. At the same time, the velopharynx is closed by 
the elevation of the velum to prevent bolus entering the nasal cavity. The closure of airway 
entrances is achieved by the closure of false and true vocal folds. In addition, the arytenoid 
cartilages move towards the epiglottis which further close the airway. When the bolus reaches 
the base of tongue, the pharyngeal wall contracts and the tongue base moves backward to 
propel the bolus down the pharynx to the upper esophageal sphincter. The sphincter then 
opens to allow the bolus entering the esophagus. The esophageal phase subsequently begins 
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when the bolus has entered the esophagus (Logemann, 1986).  
Laryngeal elevation is important in protecting the airway during swallowing. It facilitates 
not only the closure of vestibulae, which are the space between the ventricular folds, but also 
repositions the larynx to facilitate the opening of the upper esophageal sphincter (Ertekin & 
Aydogdu, 2003; Logemann, 1998). Suprahyoid and infrahyoid muscles are involved in 
laryngeal and hyoid elevation (Eibling, 1999; Ertekin & Aydogdu, 2003). When the 
suprahyoid muscles contract, the hyoid bone and the larynx move upward and anteriorly. The 
hyoid bone and the larynx are depressed when the infrahyoid muscles contract. The 
coordination between the suprahyoid and infrahyoid muscles controls the movement of the 
hyoid and the larynx during swallowing to prevent any risk of food or liquid bolus passes into 
the airway above (penetration) or below (aspiration) the true vocal fold level (Aviv, 1999). 
Paralyzed vocal fold would result in glottal incompetence and would affect phonation 
and swallowing. The next two sections will describe how phonation and swallowing might be 
compromised following vocal fold paralysis.  
 
Phonation in Unilateral Vocal Fold Paralysis 
Paralyzed vocal fold would result in incomplete glottal closure during phonation. Voice 
quality might become breathy (incomplete glottal closure) and rough (aperiodic vibration) 
(Stewart & Allen, 2006). Pitch change might result from the damage of cricothyroid muscle as 
this muscle is responsible for tensing the vocal folds during adduction and pitch changing. 
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Voice therapy such as pushing/pulling and pitch exercise might facilitate better voicing 
(Colton & Casper, 1996) and also improves swallowing problems (Ollivere et al., 2006). Such 
observation might be related to the close relationship between phonation and swallowing.  
 
Swallowing in Unilateral Vocal Fold Paralysis 
Both swallowing and pitch variation might be impaired in individuals with unilateral 
vocal fold paralysis. Food bolus might enter the unprotected airway through the gap between 
the vocal folds due to glottal incompetence (Tucker & Lavertu, 1992), thus resulting in 
aspiration. According to Ollivere, Duce, Rowlands, Harrison and O’Reilly (2006), about 56% 
of patients with unilateral vocal fold paralysis had dysphagia. Incomplete glottal closure is 
believed to be one of the major factors that contribute to swallowing problems in individuals 
with unilateral vocal fold paralysis (Fang, Li, Tsai, & Chen, 2004; Nayak et al., 2002; Schere, 
2005). Dysphagia may also be due to reduced pharyngeal sensation, pooling of residues in the 
pharyngeal wall, valleculae and pyriform sinuses (Fang et al., 2004; Tabaee, Murry, 
Zschommler, & Desloge, 2005). Since the airway is protected by three tiers of functions (i.e. 
laryngeal elevation, true vocal fold adduction and ventricular fold adduction) during 
swallowing, the degree of laryngeal elevation might affect the extent of penetration and 
aspiration. 
Some individuals with unilateral paralyzed vocal fold have dysphagia. Surgical 
reposition of the impaired vocal fold to a more medial position might be necessary. This is 
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called medialization surgery. The surgery might involve vocal fold augmentation, laryngeal 
framework surgery or laryngeal re-innervation (Havas et al., 1999). Nevertheless, after 
medialization surgery, some individuals with unilateral paralyzed vocal fold might still suffer 
from penetration and aspiration due to persistent incomplete glottal closure (Nayak et al., 
2002). Reduced pharyngeal contraction, negative subglottic pressure and laryngeal elevation 
might also contribute to post-surgical swallowing problems in individuals with unilateral 
vocal fold paralysis.  
Some individuals with unilateral vocal fold paralysis may not have swallowing 
difficulties as documented in a number of studies (Bhattachayya, Kotz, & Shapiro, 2002; 
Leder & Ross, 2005; Wilson, Pryde, White, Maher, & Maran, 1995). Compensation might 
have been developed in individuals with unilateral vocal fold paralysis to minimize the effect 
of swallowing difficulties (Leder & Ross, 2005). Such compensation might have been a 
stronger laryngeal elevation during swallowing. In order to determine whether such 
compensation would occur, quantative measurement of the muscle activities would be 
necessary. Surface electromyography (sEMG) is a commonly employed method used to 
quantify muscle activities. 
 
Surface Electromyography (sEMG) in phonation and swallowing 
Surface electromyography (sEMG) has been used in measuring the muscle activities of 
laryngeal elevation (Crary, Carnaby, Groher, & Helseth, 2004; Ding, Larson, Logemann, & 
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Rademaker, 2002; Gupta, Reddy, & Canilang, 1996; Reddy et al., 2000). sEMG provides 
information on the amplitude of contraction patterns in selected muscle groups. It is a 
relatively noninvasive method (Perlman, 1993).  
According to Palmer, Luschei, Jaffe and McCulloch (1999), the muscle group of 
mylohyoid, anterior belly of digastric and geniohyoid muscles has been found to be the 
primary contributors to the sEMG recording in suprahyoid area during swallowing. The 
infrahyoid muscle group (thyrohyoid) has also been found to be a relatively stable site for the 
recording of sEMG signals in phonation (Yiu, Verdolini, & Chow, 2005). Furthermore, both 
suprahyoid and infrahyoid sites have been reported to be sensitive sites for measuring 
laryngeal elevation and pharyngeal contraction (Crary & Groher, 2000). sEMG signals have 
been found to correlate strongly with the hyoid and laryngeal elevation during swallowing 
(Crary, Carnaby, & Groher, 2006). Therefore, sEMG is considered to be a useful measure for 
laryngeal elevation during swallowing.  
Surface electromyographic signal measured in the suprahyoid and infrahyoid muscles is 
a reflection of the degree of laryngeal elevation during pitch phonation and swallowing. It has 
been reported that biofeedback therapy using sEMG was efficient in treating dysphagia, 
especially for those individuals with poor laryngeal elevation (Reddy et al., 2000). Therefore, 
sEMG was used in the present study for quantifying the suprahyoid and infrahyoid muscle 
activities during phonation and swallowing.  
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Objectives and Hypotheses 
The objective of this study was to compare the muscle activities of suprahyoid and 
infrahyoid muscle groups during laryngeal elevation between phonation (pitch production) 
and swallowing in non-dysphonic and dysphonic subjects. It was hypothesized that the 
suprahyoid and infrahyoid muscle activities during laryngeal elevation in phonation (pitch 
phonation task) and swallowing were different. Because of the anatomical and physiological 
similarities between swallowing and pitch phonation, it was also hypothesized that the muscle 
activities during pitch phonation would correlate with the muscle activities during swallowing. 
It was further hypothesized that the differences existed between the non-dysphonic and 
dysphonic individuals with unilateral vocal fold paralysis.  
 
Methods 
Subjects    
Two subject groups were recruited: one group with unilateral vocal fold paralysis (N = 6) 
and another group without vocal pathology (N =15). For the unilateral vocal fold paralyzed 
group (two males, four females; mean age = 41.17 years; SD = 17.9; range = 15 – 69 years), 
five subjects had left vocal fold paralysis while one had right vocal fold paralysis. The 
subjects had not received any surgical treatment for the paralysis and had no other vocal 
pathologies as confirmed by laryngoscopic examinations. For the non-dysphonic subject 
group (five males, ten females; mean age = 41.2 years; SD = 21; range = 19 – 74 years), they 
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reported no history of voice and swallowing problems. Normal anatomy of the larynx and 
pharynx was confirmed by laryngoscopic examination for the non-dysphonic group.  
 
Instrument    
The EMG system from ADInstrument (PowerLab Unit, Model ML780, with 
eight-channel Dual Bio Amp Model ML135) was used. The range of sEMG signal recording 
was set at 0-500 μV. Low-pass filter frequency was set at 10Hz and the high-pass filter 
frequency was set at 500Hz. The sampling rate was set at 1280/s with a recording time of 5s. 
These settings were reported to be optimal for sEMG activities recording according to Boxtel 
(2001). The PowerLab SCOPE software programme from the ADInstrument was used for 
signal display and analysis.  
 
Procedure    
In order to determine the swallowing status of all participants, especially the dysphonic 
group, each subject was asked to swallow different amount of water (teaspoon, tablespoon 
and cup) and cookies according to Murry’s (1999) bedside swallowing screening assessment 
procedures. All subjects showed normal degree and rate of laryngeal elevation and no signs of 
choking. 
Recording of sEMG signals was carried out after the swallowing screening assessment. 
Prior to the placement of the sEMG electrodes, subjects were cleansed with alcohol pad and 
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cleansing gel around the area of suprahyoid and infrahyoid muscles to ensure good 
skin-electrode contact.  
The electrodes were placed on the skin under the chin and over the anterior surface of the 
neck to record the suprahyoid (anterior belly of digastric, mylohyoid, geniohyoid) and 
infrahyoid (thyrohyoid) muscle activities. The electrodes for the suprahyoid area were placed 
1 cm above the hyoid bone on each side of midline with an inter-electrode distance of 1 cm. 
The two electrodes for the infrahyoid area was placed just below the hyoid and were also 1 
cm apart (Figure 4). Conduction gel was applied to the electrode to ensure good skin- 
electrode contact. Adhesive tape was used to stabilize the electrodes on the skin surface. An 
earth strap was attached to each subject’s wrist. After the placement of the electrodes, the 
subjects were asked to rotate their heads to ensure the contacts were free of movement 
artifacts.  
All subjects were seated, and baselines of the sEMG signals were recorded with the 
subjects at rest. The subjects were then asked to carry out dry swallow (swallow on own 
saliva), swallowing 5 ml and 10 ml of water. Syringes were used to deliver the water into each 
subject’s mouth. They were asked to hold the water in the mouth and only to start swallowing 
following the examiner’s instruction. Each task was attempted three times. Between each trial 
of recording, the subject was given at least 20 seconds to rest, following the procedure 
suggested by Gupta, Reddy and Canilang (1996). The order of these three swallowing tasks 
was randomized across subjects. Each subject was also asked to produce /i/ in high, low and 
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comfortable pitch levels, each for 5 seconds at comfortable loudness level. Each pitch level 
phonation was produced three times.  
 
Figure 4. Sites for surface electrodes placement 
 
Results 
Descriptive statistics (mean, standard deviation and range) of the root mean square 
(RMS) of sEMG voltage (μV) for the phonation and swallowing tasks are summarized in 
Table 1.  
Comparison among phonation tasks 
Non-dysphonic Group Friedman tests were first carried out to determine if there were 
differences among different phonation tasks (comfortable pitch, low pitch, high pitch and no 
phonation) at each electrode site. The alpha-level of 0.025 (0.05/2) was used since a Friedman 
test was conducted for each of the two sites. Both the suprahyoid (χ2 = 28.28, p < 0.0001) and 
the infrahyoid (χ2 = 35.00, p < 0.0001) sites showed significant difference in the muscle 
Infrahyoid area 
Suprahyoid 
area 
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activities among the tasks. Wilcoxon signed rank tests were then carried out to determine 
which two tasks were different. Since six individual tests were conducted for each electrode 
site, the alpha level (p-level) was adjusted to 0.008 (0.05/6). The sEMG RMS voltage 
Table 1. Descriptive Statistics of sEMG values in Non-dysphonic and Dsyphonic Group 
 Dysphonic Group 
_____(N = 6) ____ 
Non-dysphonic Group 
       (N = 15)        
Electrode 
sites 
Tasks Mean 
(μV) 
SD Range Mean 
(μV) 
SD Range 
 Phonation 
tasks 
 
Suprahyoid 
 
Comfortable 
pitch  22.13 15.43 5.97 - 46.33 11.50 4.40 5.97 - 22.74 
Low pitch 24.46 19.09 9.50 - 56.19 12.39 5.97 5.75 - 27.22 
High pitch 27.47 17.15 6.68 - 48.92 15.87 9.16 5.39 - 36.47 
At rest 5.69 0.95 4.80 - 7.06 6.28 2.95 3.64 - 15.57 
Infrahyoid Comfortable 
pitch  8.22 3.41 4.00 - 12.91 7.89 2.12 4.83 - 11.52 
Low pitch 9.27 4.06 3.51 - 14.08 12.61 8.14 4.47 - 32.97 
High pitch 10.15 4.22 4.58 - 14.11 13.79 6.21 4.81 - 31.83 
At rest 5.84 2.83 3.27 - 10.50 5.42 1.90 3.26 - 10.70 
 Swallowing 
tasks 
 
Suprahyoid Dry 
swallow  30.65 15.30 10.12 - 50.90 36.91 13.99 18.71 - 75.53 
5ml 
swallow 33.20 14.75 7.98 - 45.87 33.21 13.12 18.92 - 59.81 
10ml 
swallow 34.00 14.61 9.02 - 48.56 34.59 14.40 16.68 - 68.26 
At rest 6.50 1.27 4.89 - 7.99 6.79 3.44 3.93 - 17.63 
Infrahyoid Dry 
swallow  25.49 22.50 13.42 - 71.10 19.16 10.19 8.57 - 38.79 
5ml 
swallow 26.43 21.17 12.12 - 68.86 17.93 9.59 9.29 - 46.16 
10ml 
swallow 28.45 19.46 16.94 - 67.89 20.11 11.81 10.42 - 55.17 
At rest 5.11 1.06 3.50 - 6.61 5.88 2.08 3.73 - 11.47 
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recorded during all phonation tasks were significantly higher than the sEMG recorded at rest 
(p = 0.001; see Table 2). Significant difference in muscle activities was also found between 
comfortable pitch and high pitch production in the infrahyoid site (p = 0.001; see Table 2). No 
other significant differences were found among other phonation tasks (Table 2). 
Table 2. Wilcoxon signed rank test results for phonation tasks in non-dysphonic group 
Tasks Comfortable pitch Low pitch High pitch 
Z / p Z / p Z / p 
Suprahyoid 
At rest -3.41 / 0.001* -3.41 / 0.001* -3.41 / 0.001* 
Comfortable pitch  -0.80 / 0.43 -2.33 / 0.02 
Low pitch   -1.76 / 0.08 
Infrahyoid 
At rest -3.41 / 0.001* -3.41 / 0.001* -3.41 / 0.001* 
Comfortable pitch  -2.50 / 0.01 -3.35 / 0.001* 
Low pitch   -1.817 / 0.07 
* p < 0.008  
Dysphonic Group  Friedman tests were carried out first and significant differences were 
found in both the suprahyoid (χ2 = 12.20, p = 0.007) and the infrahyoid (χ2 = 14.00, p = 0.003) 
among different phonation tasks. Wilcoxon signed rank tests were then carried out. However, 
with an alpha level of 0.008, none of the phonation task pairs reached the significant level in 
the dysphonic group (Table 3).  
Comparison among swallowing tasks 
Non-dysphonic Group  Friedman tests were first conducted and significant differences 
were found in both the suprahyoid (χ2 = 35.96, p < 0.0001) and the infrahyoid (χ2 = 27.32, p <  
0.0001) sites. Subsequent Wilcoxon signed rank tests showed that the sEMG of all three 
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swallowing tasks (dry, 5 ml, 10 ml swallow) were significantly higher than that of no 
swallowing (at rest) (see Table 4). However, no significant difference was found among 
different swallowing tasks (p > 0.008) (Table 4). 
Table 3. Wilcoxon signed rank test results for phonation tasks in dysphonic group 
Tasks Comfortable pitch Low pitch High pitch 
Z / p Z / p Z / p 
Suprahyoid 
At rest -2.20 / 0.02 -2.20 / 0.02 -2.20 / 0.02 
Comfortable pitch  -0.31 / 0.75 -1.36 / 0.17 
Low pitch   -0.73 / 0.46 
Infrahyoid 
At rest -2.20 / 0.02 -2.20 / 0.02 -2.20 / 0.02 
Comfortable pitch  -1.15 / 0.25 -2.20 / 0.03 
Low pitch   -0.73 / 0.46 
 
Table 4. Wilcoxon signed rank test results for swallowing tasks in non-dysphonic group 
Tasks Dry swallow 5 ml swallow 10 ml swallow 
Z / p Z / p Z / p 
Suprahyoid 
At rest -3.41 / 0.001* -3.41 / 0.001* -3.41 / 0.001* 
Dry swallow  -0.85 / 0.40 -1.14 / 0.26 
5 ml swallow   -0.57 / 0.57 
Infrahyoid 
At rest -3.41 / 0.001* -3.41 / 0.001* -3.41 / 0.001* 
Dry swallow  -0.17 / 0.87 -0.34 / 0.73 
5 ml swallow   -1.53 / 0.13 
* p < 0.008  
Dysphonic Group  In order to determine whether there were differences among different 
swallowing tasks, Friedman tests were carried out for each site. Significant differences were 
found in both the suprahyoid (χ2 = 12.20, p = 0.007) and the infrahyoid (χ2 = 13.40, p = 0.004) 
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sites among different swallowing tasks. Wilcoxon signed rank test was then carried out but no 
significant difference was found among swallowing tasks in dysphonic group with the (p > 
0.008; Table 5).  
Table 5. Wilcoxon signed rank test results for swallowing tasks in dysphonic group 
Tasks Dry swallow 5 ml swallow 10 ml swallow 
Z / p Z / p Z / p 
Suprahyoid 
At rest -2.20 / 0.03 -2.20 / 0.03 -2.20 / 0.03 
Dry swallow  -0.11 / 0.92 -0.52 / 0.60 
5 ml swallow   -0.94 / 0.35 
Infrahyoid 
At rest -2.20 / 0.03 -2.20 / 0.03 -2.20 / 0.03 
Dry swallow  -0.11 / 0.92 -1.57 / 0.12 
5 ml swallow   -1.78 / 0.08 
Relationship between phonation and swallowing tasks 
 Correlation between the phonation tasks and swallowing tasks were carried out using 
Spearman’s rho. Since a total of nine Spearman’s rho correlation tests were conducted, the 
alpha level was adjusted to 0.05/9 (0.005). Table 6 shows the correlation of the non-dysphonic  
group and Table 7 shows the correlation of the dysphonic group. No significant correlation 
was found for any of the tasks in either group.  
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Table 6. Speaman’s rho among phonation and swallowing tasks in non-dysphonic group 
Correlation between phonation and swallowing tasks Spearman’s 
rho 
p 
Suprahyoid 
Comfortable pitch 
 
Dry swallow 0.40 0.14 
5 ml swallow 0.29 0.29 
10 ml swallow 0.32 0.25 
Low pitch 
 
Dry swallow 0.34 0.21 
5 ml swallow 0.25 0.36 
10 ml swallow 0.30 0.28 
High pitch Dry swallow 0.42 0.12 
5 ml swallow 0.27 0.33 
10 ml swallow 0.29 0.29 
Infrahyoid 
Comfortable pitch Dry swallow 0.0001 1.00 
5 ml swallow 0.27 0.33 
10 ml swallow 0.15 0.59 
Low pitch Dry swallow -0.16 0.58 
5 ml swallow 0.04 0.90 
10 ml swallow 0.007 0.98 
High pitch Dry swallow -0.02 0.94 
 5 ml swallow 0.25 0.38 
 10 ml swallow 0.23 0.42 
 
Table 7. Speaman’s rho among phonation and swallowing tasks in dysphonic group 
Correlation between phonation and swallowing tasks Spearman’s 
rho 
p 
Suprahyoid 
Comfortable pitch Dry swallow -0.09 0.87 
5 ml swallow 0.14 0.79 
10 ml swallow 0.14 0.79 
Low pitch Dry swallow -0.14 0.79 
5 ml swallow -0.37 0.47 
10 ml swallow -0.37 0.47 
High pitch Dry swallow -0.03 0.96 
5 ml swallow 0.26 0.62 
10 ml swallow 0.26 0.62 
(To be Cont’)    
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Table 7. Speaman’s rho among phonation and swallowing tasks in dysphonic group 
(Con’t) 
Correlation between phonation and swallowing tasks Spearman’s 
rho 
p 
Infrahyoid 
Comfortable pitch Dry swallow 0.71 0.11 
5 ml swallow 0.89 0.02 
10 ml swallow 0.89 0.02 
Low pitch Dry swallow 0.71 0.11 
5 ml swallow 0.60 0.21 
10 ml swallow 0.60 0.21 
High pitch Dry swallow 0.37 0.47 
5 ml swallow 0.89 0.02 
10 ml swallow 0.89 0.02 
Non-dysphonic Group  The sEMG value of each phonation tasks was compared with that of 
each swallowing tasks. Since there were nine tests carried out, the alpha-level was adjusted to 
0.05/9 = 0.005. Significant differences were found among all phonation and swallowing tasks 
in the suprahyoid muscle activities (See Table 8) and between the comfortable pitch 
production task and all three swallowing tasks (dry swallow, 5 ml and 10 ml swallow) in the 
infrahyoid muscle activities (Table 8).  
Dysphonic Group  No significant difference (p > 0.005) was found among the phonation and 
swallowing tasks in the dysphonic group (Table 9). 
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Table 8. Wilcoxon signed rank test for phonation and swallowing tasks in non-dysphonic 
group 
Comparison between phonation and swallowing tasks Z p 
Suprahyoid 
Comfortable pitch Dry swallow -3.41 0.001* 
5 ml swallow -3.41 0.001* 
10 ml swallow -3.41 0.001* 
Low pitch Dry swallow -3.35 0.001* 
5 ml swallow -3.35 0.001* 
10 ml swallow -3.18 0.001* 
High pitch Dry swallow -3.29 0.001* 
5 ml swallow -3.237 0.001* 
10 ml swallow -3.18 0.001* 
Infrahyoid  
Comfortable pitch Dry Swallow -3.41 0.001* 
 5 ml swallow -3.41 0.001* 
 10 ml swallow -3.41 0.001* 
Low pitch Dry swallow -1.87 0.06 
 5 ml swallow -1.82 0.07 
 10 ml swallow -1.99 0.05 
High pitch Dry swallow -1.82 0.07 
 5 ml swallow -1.93 0.05 
 10 ml swallow -2.16 0.03 
*p < 0.005 
 
Table 9. Wilcoxon signed rank test for phonation and swallowing tasks in dysphonic 
group 
Comparison between phonation and swallowing tasks Z p 
Suprahyoid 
Comfortable pitch Dry swallow -0.73 0.46 
5 ml swallow -1.15 0.25 
10 ml swallow -1.36 0.17 
Low pitch Dry swallow -0.52 0.60 
5 ml swallow -0.73 0.46 
10 ml swallow -0.52 0.60 
High pitch Dry swallow -0.31 0.75 
5 ml swallow -0.31 0.75 
10 ml swallow -0.52 0.60 
(To be Cont’)    
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Table 9. Wilcoxon signed rank test for phonation and swallowing tasks in dysphonic 
group (Con’t) 
Comparison between phonation and swallowing tasks Z p 
Infrahyoid   
Comfortable pitch Dry Swallow -2.20 0.03 
5 ml swallow -2.20 0.03 
10 ml swallow -2.20 0.03 
Low pitch Dry swallow -2.20 0.03 
5 ml swallow -2.20 0.03 
10 ml swallow -2.20 0.03 
High pitch Dry swallow -2.20 0.03 
5 ml swallow -2.20 0.03 
10 ml swallow -2.20 0.03 
Comparison between non-dysphonic group and dysphonic group 
Mann Whitney test was carried out to determine whether there were differences between 
the non-dysphonic and dysphonic groups in each of the phonation and swallowing tasks. No 
significant differences were found between the groups in any of the swallowing and phonation 
tasks (Table 10). 
Table 10. Mann-Whitney tests for phonation and swallowing comparison between 
non-dysphonic and dysphonic group 
Tasks U p-level 
Suprahyoid 
At rest during phonation  41.00 0.76 
Comfortable pitch 27.50 0.17 
Low pitch 27.00 0.16 
High pitch 27.00 0.16 
At rest during swallowing  38.00 0.59 
Dry swallow 34.00 0.39 
5 ml swallow 40.00 0.70 
10 ml swallow 40.00 0.70 
 
(To be Cont’) 
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Table 10. Mann-Whitney tests for phonation and swallowing comparison between 
non-dysphonic and dysphonic group (Cont’) 
Tasks U p-level 
Infrahyoid  
At rest during phonation 45.00 1.00 
Comfortable pitch 42.00 0.82 
Low pitch 38.00 0.59 
High pitch 27.00 0.16 
At rest during swallowing 38.00 0.59 
Dry swallow 36.00 0.48 
5 ml swallow 29.00 0.21 
10 ml swallow 27.00 0.16 
 
Discussion 
 This study aimed at comparing the muscle activities of the suprahyoid and infrahyoid 
muscle groups during laryngeal elevation in phonation and swallowing. It was hypothesized 
that the suprahyoid and infrahyoid muscle activities during laryngeal elevation would be 
different between the non-dysphonic and dysphonic individuals with unilateral vocal fold 
paralysis. However, no significant differences were found in any of the tasks between the two 
groups of subjects (see Table 10). Small sample size in the dysphonic group (N=6) might have 
contributed to this non-significant results. 
 
Muscle activities in phonatory tasks 
According to Schere (2005), pitch phonation is a result of both intrinsic and extrinsic 
larygngeal muscle adjustments. Intrinsic laryngeal muscles (cricothyroid and thyroarytenoid) 
are the major muscles for pitch phonation. They are responsible for the adjustment of vocal 
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fold length, mass distribution and tension in order to vary the vibratory pattern during pitch 
phonation. The extrinsic laryngeal muscles (suprahyoid and infrahyoid muscles) are only 
responsible for gross adjustment during pitch phonation. Suprahyoid muscles (digastric, 
stylohyoid, geniohyoid, mylohyoid muscles) are laryngeal elevators which have an important 
role in swallowing but little influences on the adjustment of the vocal folds during phonation 
(Honda, 1983; Tucker, 1993). This appears to be supported by the findings that no significant 
differences were found in the sEMG values among different phonation tasks (comfortable, 
low and high pitch production) in the suprahyoid site (see Table 2). In other words, as 
suprahyoid muscles contribute mostly in laryngeal elevation for swallowing but not phonation, 
one would not expect that the muscle activities measured in the suprahyoid site of the 
non-dysphonic group to be different among the phonation tasks. Nevertheless, the sEMG 
signals recorded at the infrahyoid site showed a significant difference between comfortable 
(mean = 7.89 μV) and high pitch (mean = 13.79 μV) production in the non-dysphonic group 
(p = 0.001, see Table 2). Table 1 shows that the suprahyoid muscle activites were all above 11 
μV among the three phonatory tasks (between 11.50 – 15.87 μV) whereas the infrahyoid 
muscle activities ranged from 7.89 μV (comfortable pitch) to 13.79 μV (high pitch). This 
shows that the infrahyoid muscles were less involved in producing low pitch but more active 
in producing high pitch; whereas the suprahyoid muscles were involved similarly in low or 
high pitch production tasks.  
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For the dysphonic group, all sEMG measured in the suprahyoid and infrahyoid sites 
during different pitch phonation tasks (comfortable, low and high pitch production) showed 
no significant differences. A closer examination of the data showed large standard deviations 
in all the phonation tasks. The small sample size (N = 6) together with a large standard 
deviation might have brought down the power in detecting significant differences.  
 
Muscle activities in swallowing tasks 
 In this study, three swallowing tasks were carried out, which included dry swallow, 5ml 
and 10ml water swallow. No significant sEMG differences were found at the suprahyoid and 
infrahyoid sites during laryngeal elevation among the three swallowing tasks in both 
non-dysphonic and dysphonic groups (see Tables 4 and 5). This suggests that comparable 
degrees of muscle contraction were used in different swallowing tasks, regardless of the 
quantity of intake.  
 
Correlation between phonation and swallowing  
One of the objectives of this study was to determine if there existed a correlation 
between muscle activities in phonatory and swallowing tasks. There was no significant 
correlation between phonation and swallowing in either the non-dysphonic or dysphonic 
groups (see Tables 6 and 7). This further supports the findings that the extrinsic laryngeal 
muscle activities function to different extents in phonation and swallowing.  
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In the non-dysphonic group, the suprahyoid activities behaved significantly different 
between the phonatory tasks and the swallowing tasks (see Table 8). This finding supports the 
contention that the suprahyoid muscles play a relatively more important role in swallowing 
than in phonation. The infrahyoid muscle activities only showed significant difference 
between comfortable pitch production and all three swallowing tasks (dry swallow, 5ml and 
10ml swallow). In producing comfortable pitch, the intrinsic laryngeal muscles (crirothyroid 
and thyroarytenoid) are the major muscles responsible for phonation. Relatively little external 
adjustment would be needed for the comfortable pitch production when compared to 
non-modal (higher pitches). Therefore, when comparing the infrahyoid muscle activities 
during comfortable pitch production and the three swallowing tasks, it was significantly lower 
in the comfortable pitch phonation task (see Table 1). 
Although the literatures suggest that the suprahyoid and infrahyoid muscles have major 
contributions in swallowing and low pitch production respectively (Honda, 1983; Tucker, 
1993), the present study showed no significant difference in the suprahyoid and infrahyoid 
muscle activities among different phonatory and swallowing tasks in the dysphonic group (see 
Table 9). Dysphonic individuals with unilateral vocal fold paralysis have incomplete glottal 
closure and relatively narrow pitch range due to the impairment of intrinsic laryngeal muscles. 
The suprahyoid and infrahyoid muscle function would not be disrupted since they are 
innervated by the trigeminal, facial and hypoglossal nerves that are relatively intact in 
subjects with unilateral vocal fold paralysis. Therefore, it may well be possible that the 
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external adjustment of suprahyoid and infrahyoid muscles might take up a greater 
responsibility in pitch phonation. During swallowing, glottal incompetence as a result of 
unilateral vocal fold paralysis might increase the risk of penetration and aspiration. The 
subjects in the dysphonic group showed no swallowing problems. It might have been possible 
that other compensatory techniques, such as laryngeal elevation provided additional 
protection over the airway entrances. These hypotheses appeared to be supported by the 
findings of this study. The suprahyoid and infrahyoid muscle activities were comparable in 
the phonatory and swallowing tasks in the dysphonic group. Individuals with unilateral vocal 
fold paralysis might have made use of more on the suprahyoid and infrahyoid muscles for 
pitch phonation and compensated the glottal incompetences with stronger laryngeal elevation 
in order to reduce the risk of swallowing problems.  
 
Limitations and future research directions 
 The number of subjects recruited for the unilateral vocal fold paralysis group was small. 
This small sample size might not have enough power to detect the differences in the muscle 
activities between the groups. More subjects should be recruited for further studies in order to 
have a better power. 
 Subject variability in the vocal fold impairment and the pitch range of phonation were 
high in this study. These two factors should be controlled in future studies. Individuals with 
unilateral vocal fold paralysis who have dysphagia might also be recruited to determine the 
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contribution of suprahyoid and infrahyoid muscle groups in laryngeal elevation during 
swallowing difficulties.  
 Furthermore, the sEMG signal varied greatly among subjects. Subjects with thick neck 
tissues or elderly with loose skin might affect the signal recording during the phonation and 
swallowing tasks. Although these two factors did not appear to be an issue in the present study, 
cautions should be exercised to ensure these will not be the case in future studies. Indeed, 
more trials for phonation and swallowing tasks would be needed to minimize the variability in 
sEMG signal recording.  
 
Clinical Implications 
 In this study, significant differences between phonation and swallowing tasks were 
obtained in both subject groups. Larger pool of this type of data would provide a set of 
normative data of suprahyoid and infrahyoid muscle activities for phonation and swallowing. 
This would allow a better data-based clinical assessment of the suprahyoid and infrahyoid 
muscle functions. Furthermore, the sEMG data would also allow sEMG instrument to be used 
as a biofeedback therapy technique in swallowing and voice for individuals with unilateral 
vocal fold paralysis.  
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Conclusions 
 Quantitative measures of muscle activities in suprahyoid and infrahyoid muscle groups 
during phonation and swallowing were measured by sEMG for non-dysphonic and dysphonic 
individuals with unilateral vocal fold paralysis. The muscle activities at both the suprahyoid 
and infrahyoid sites in the two subject groups showed significant differences between the 
pitch production and swallowing tasks. However, no significant differences could be found in 
the muscle activities between the non-dysphonic and dysphonic group. Although both 
suprahyoid and infrahyoid muscle groups are involved in pitch production and swallowing, no 
correlation was found between these two functions. The two muscle groups work differently 
in phonation and swallowing. Further studies with a larger sample size and a better control of 
subject variability are recommended to produce a set of normative data for future research and 
clinical purposes. 
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